Hematopoietic cell transplantation (HCT) is an established procedure for acquired and congenital disorders of the hematopoietic system. In 2016, there was a tendency for continued activity in this field with 43,636 HCT in 39,313 patients [16,507 allogeneic (42%), 22,806 autologous (58%)] reported by 679 centers in 49 countries in 2016. The main indications were myeloid malignancies 9547 (24%; 96% allogeneic), lymphoid malignancies 25,618 (65%; 20% allogeneic), solid tumors 1516 (4%; 2% allogeneic), and non-malignant disorders 2459 (6%; 85% allogeneic). There was a remarkable leveling off in the use of unrelated donor HCT being replaced by haploidentical HCT. Continued growth in allogeneic HCT for marrow failure, AML, and MPN was seen, whereas MDS appears stable. Allogeneic HCT for lymphoid malignancies vary in trend with increases for NHL and decreases for Hodgkin lymphoma and myeloma. Trends in CLL are not clear, with recent increases after a decrease in activity. In autologous HCT, the use in myeloma continues to expand but is stable in Hodgkin lymphoma. There is a notable increase in autologous HCT for autoimmune disease. These data reflect the most recent advances in the field, in which some trends and changes are likely to be related to development of non-transplant technologies.
Introduction
Hematopoietic cell transplantation (HCT) is an established procedure for many disorders of the hematopoietic system including those of the immune system, and as enzyme replacement in metabolic disorders [1] [2] [3] [4] . The activity survey of the European Society of Blood and Marrow Transplantation (EBMT), describing the status of HCT in Europe and affiliated countries, has become an instrument to observe trends and to monitor changes in technology [5] [6] [7] [8] [9] [10] [11] [12] [13] . The survey using a standardized structure captures the numbers of HCT from highly committed participating teams, divided by indication, donor type, and stem cell source. More recently, the survey has included information on novel cell therapies with hematopoietic stem cells for non-hematopoietic use, and the use of non-hematopoietic stem and progenitor cells. This coincides with the interest of the World Health Organization WHO (www.who.org) in cell and tissue transplants and further stresses the need for adequate and timely information [14] . The analysis of the survey data spanning 26 years and amassing data on more than 660,000 transplants in over 580,000 patients has shown a continued and constant increase in the annual numbers of HCT and transplant rates for both allogeneic and autologous HCT.
This report is based on the 2016 survey data. In addition to transplant rates and indications, it focuses on the use of haploidentical donors for transplantation, including disease entities and stem cell source.
Patients and methods

Data collection and validation
Participating teams were invited to report data for 2016 as listed in Table 1 . The survey allows the possibility to report additional information on the numbers of subsequent transplants performed as a result of relapse, rejection or those that are part of a planned sequential transplant protocol.
Supplementary information on the numbers of donor lymphocyte infusions, reduced intensity HCT and the numbers of pediatric HCT is also collected. Quality control measures included several independent systems: confirmation of validity of the entered data by the reporting team, selective comparison of the survey data with MED-A data sets in the EBMT Registry database and cross-checking with the National Registries.
Teams
A total of 707 centers from 49 countries were contacted for the 2016 survey (40 European and 9 affiliated countries); of which 679 teams reported. This corresponds to a 96% return rate and includes 577 active EBMT member teams. Twenty-eight active teams failed to report in 2016.
Contacted teams are listed in the online appendix in alphabetical order by country, city and EBMT center code, with their reported numbers of first and total HCT, and of first allogeneic and autologous HCT as supplementary material. The WHO regional office definitions were used to classify countries as European or Non-European. Eight nonEuropean countries participated in the 2016 EBMT survey: Algeria, Iran, Israel, Jordan, Lebanon, Saudi Arabia, South Africa and Tunisia. Their data (2795 HCT in 2659 patients) from 32 actively transplanting teams make up 6.4% of the total data set and are included in all analyses [14] .
Patient and transplant numbers
Wherever appropriate, patient numbers corresponding to the number of patients receiving a first transplant, and transplant numbers reflecting the total number of transplants performed are listed.
The term sibling donor includes HLA identical siblings and twins but not siblings with HLA mismatches. Unrelated donor transplants include HCT from matched or mismatched unrelated donors with peripheral blood and marrow as a stem cell source but not cord blood HCT. In the 2016 survey we collected separately the numbers of haploidentical and other family member HCT. Haplo-identical transplants are being described as any family member with 2 or more loci mismatch within the loci HLA-A, -B, -C, -DRB1, and -DQB1 in GvH and/or HvG direction. Other family member donors are those related donors that are mismatched to a lesser degree than a full haplotype. Additional non first transplants may include multiple transplants defined as subsequent transplants within a planned double or triple autologous or allogeneic HCT protocol, and retransplants (autologous or allogeneic) defined as unplanned HCT for rejection or relapse after a previous HCT.
Transplant rates
Transplant rates, defined as the total number of HCT per 10 million inhabitants, were computed for each country without adjustments for patients who crossed borders and received their HCT in a foreign country. Population numbers for 2016 were obtained from Eurostats for the European countries (http://epp.eurostat.ec.europa.eu/portal/pa ge/portal/statistics/search_database) and the US census bureau database for the non-European countries (http://www.census.gov/population/international/data/idb/ra nk.php).
Analysis
Wherever appropriate, the absolute numbers of transplanted patients, transplants or transplant rates are shown for 
Results
Participating teams in 2016
Of the 679 teams, 432 (63%) performed both allogeneic and autologous transplants; 227 (34%) restricted their activity to autologous HCT, and 12 (2%) to allogeneic transplants only. Eight teams (1%) reported having performed no transplants in 2016 due to renovation or temporary closure of the transplant unit. Of the 679 active centers, 123 (18%) centers performed transplants on both adult and pediatric patients. An additional 112 (16%) centers were dedicated pediatric transplant centers and 444 (65%) centers performed transplants on adults only. Twenty-eight active teams failed to report in 2016 which when compared to previously reported data by these teams accounts for a possible 496 missing HCT.
Number of patients and transplants
In 2016, a total of 43,636 transplants were reported in 39,313 patients (first transplant); of these, 17,641 HCT (40%) were allogeneic and 25,995 (60%) autologous (Table 1) . When compared with 2015 the total number of transplants increased by 3.5% (2.0% allogeneic HCT and 4.5% autologous HCT) [12] , and the corresponding increase in numbers comparing 2006 to 2016 are 52% higher (68% allogeneic and 43% autologous). In patients receiving their first transplant in 2016, the increase was 3.0% for allogeneic HCT and 5.6% for autologous HCT. Within allogeneic HCT, the main part of the increase seen concerned pediatric patients (6.2% increase for pediatric, 2.1% increase for adult patients). Furthermore, there were 4323 second or subsequent transplants, being 1134 allogeneic, mainly to treat relapse or graft failure and 3189 autologous, the majority of which were most likely part of multiple transplant procedures such as either tandem procedures, or as salvage autologous transplants for plasma cell disorders, for which a recent randomized trial confirmed survival benefit [15] . In addition, 839 HCTs were reported as allogeneic HCT after a previous autologous HCT, and were mainly for lymphoma or plasma cell disorders. The total number of patients transplanted under the age of 18 in both dedicated and joint adult-pediatric units was 4690, an increase of 4.5% when compared to 2015, (3545 (+6.2%) allogeneic and 1145 (−0.6%) autologous HCT). Of these, 3206 patients (2498 allogeneic and 708 autologous) reporting a total of 3225 transplants were performed in dedicated pediatric centers.
Indications
Indications for HCT in 2016 are listed in detail in Table 1 .
The main diseases were myeloid malignancies (AML, CML, MDS, and MPN): 9547 (24% of total; 96% of which were allogeneic); lymphoid malignancies (ALL, CLL, HL, NHL, and PCD): 25,618 (65%; 20% allogeneic); solid tumors: 1516 (4%; 2% allogeneic); non-malignant disorders: 2459 (6%; 85% allogeneic) and others: 173 (0.4%).
As seen in previous years, the majority of HCT for lymphoid malignancies were autologous, while most transplants for myeloid malignancies were performed using stem cells from allogeneic donors. Autologous HCT for nonmalignant disorders predominantly include patients with autoimmune disorders. Figure 1a , b show as a pie graph the distribution of disease indications for allogeneic (Fig. 1a) and autologous (Fig. 1b) HCT. For allogeneic HCT, AML is the most frequent indication (38%), of these 21% were for patients in CR1, 11% for patients with more advanced disease and 6% for patients with transformed AML, either therapy-related or from MDS/MPN. Compared to 2015, there were increases in allogeneic HCT for ALL by 6.3%, MPN by 21.4%, and SAA by 13.4%. Figure 2a shows the increasing use of autologous and allogeneic HCT over 26 years. In Figure 2b the Figure 3c shows allogeneic HCT for marrow failure with continuing increased use over time. Allogeneic HCT for lymphoid malignancies is shown in Figure 3d . There is a mixed picture with increasing numbers for NHL and decreasing numbers for PCD and HL. There is a slight increase of 8% in use of allogeneic HCT in CLL, after a major decrease by 49% between the years 2011 and 2015. Trends in autologous HCT are shown in Figure 3e , where use in PCD shows a continuous increase, less so for NHL and a leveling off in HL. Figure 3f shows trends in autologous HCT in AID with a sharp increase in the last 5 years, mostly driven by autologous HCT for multiple sclerosis in specialized centers. Among allogeneic HCT, 6878 were performed using non myeloablative conditioning. This comprises 39% of all allogeneic HCT, and has remained stable over the last 8 years.
Important trends in 2016
To address the question as to whether sibling, unrelated and haploidentical HCT were used differently according to available resources, we looked at the transplant rates over the last 5 years in the three income groups; very high (>41,000 USD), high (8200-41,000 USD) and upper middle income groups (2080-8200 USD) defined as gross national income in USD per capita according to World Bank criteria (http://wdi.worldbank.org/table/WV.1). Table 2 shows that unrelated donor transplant rates vary greatly by income. Rates of haploidentical HCT were higher in the high-income group when compared to the very highincome group. This argues in favor of haploidentical HCT being used in place of unrelated HCT, possibly based in part for lymphoproliferative disorders. e Autologous HCT for lymphoproliferative disorders. f Autologous HCT for auto immune disease on economic considerations. In the upper middle income groups, rates of alternative donor HCT were equally low, when compared to sibling donor HCT, possibly pointing toward restricting HCT technology to the best possible donor in a situation of limited resources [16] .
Cellular therapy use Table 3 shows cellular therapies performed in EBMT centers in 2016. There were 2879 patients receiving donor lymphocyte infusions, a similar number to that in the 2015 report (2941). A total of 1153 patients received other forms of cellular therapy, most commonly mesenchymal stromal cells (n = 491), mainly to treat graft versus host disease. The second most common indication was expanded/ selected T lymphocytes to treat infections (n = 157) or malignancy (n = 35). Only very few (n = 36) cellular therapies using genetically modified allogeneic or autologous T-lymphocytes were reported in 2016. Mesenchymal stromal cells have been used for over a decade now and continue to increase (supplementary figure 3) [17] [18] [19] .
Discussion
The EBMT activity survey has been conducted annually since 1990 [7] . The 2010 survey reported for the first time more than 30,000 patients transplanted in a given year, and more than >40,000 transplants in 2014. Once again, transplant numbers continue to increase across Europe.
Of interest, autologous HCT continues to expand (4.5%) at a higher rate than allogeneic HCT (2.0%) (Fig. 2a) . In allogeneic HCT some indications continue to increase but not in others. Furthermore, while the use of unrelated donors is no longer increasing, the use of sibling donors continues to do so but more slowly than in previous years. Within haploidentical HCT we see a continued growth. To analyze whether these, albeit subtle changes, were related to resource use, we calculated transplant rates according to wealth of particular countries. The majority of unrelated donor HCT was done in very high-income countries, whereas the less wealthy countries used haploidentical HCT more frequently than unrelated donors as a stem cell source pointing to some economic impact on donor choices. Of interest, all of the highest income countries have a national Numbers of cellular therapies in Europe 2016 by indication, donor type and cell source unrelated donor registry when compared to only 36% of the upper middle income countries. The least wealthy countries concentrated on sibling donor HCT and used alternative donors the least. There is also a hint toward stabilization in the use of cord blood as a stem cell source (Fig. 2c) , 34% of which were for non malignant diseases. We do not have information on the age of the patients receiving cord blood as a stem cell source, however 43% were done in dedicated pediatric centers. As shown in Fig. 2b . Future analyses will show whether this leveling off is a true effect or just due to annual variation. As the observation spans 3 years, it would indicate otherwise. Obviously, such trends, if confirmed, will be important for use of medical resources. The success of unrelated donor HCT is due to the intensive work done by donor registries, recruiting and providing well matched donors for many patients. Clearly it is highly speculative to predict future developments, but it appears as if haploidentical HCT is the main competitor. This has been recognized by the transplant community, and randomized clinical trials comparing unrelated donor HCT to haploidentical donor HCT are underway. Results of these trials will undoubtedly be instrumental to guide future recommendations. Among indications for allogeneic HCT, its use in CLL appears to stabilize or increase, after dropping in the previous years. The majority of allogeneic HCT continues to be for myeloid neoplasia, with AML in the lead, with more frequent use in MPN but no further increase in MDS. Additional follow-up will show whether these trends persist. The trend of allogeneic HCT in CML is interesting; the drop in transplant numbers seen after the introduction of kinase inhibitors appears now to have left a stable number of around 400 CML patients being transplanted in chronic or more advanced phases, most likely after kinase inhibitor failure [20] . Allogeneic HCT for lymphoid neoplasia continues to be used variably, with an increased indication for in ALL and NHL and less use in HL and PCD. Over 800 patients with marrow failure are transplanted each year, and the numbers appear to grow, in spite of alternative treatment being developed. Continued growth in transplants for marrow failure includes both acquired and congenital marrow failure in all donor types and with unrelated and haploidentical HCT accounting for 466 patients as compared to sibling donor HCT with 428 patients in 2016, suggesting a slight preference for alternative donor HCT over sibling donor HCT.
Autologous HCT has been continuously more indicated for myeloma, possibly a result of randomized controlled trials confirming benefit of autologous HCT in the era of modern therapies [21] . Indications for NHL increase at a lower rate (7.0%) and appear to stabilize in HL possibly due to development of monoclonal antibodies and check point inhibitors for this disease [22] . This pertains to allogeneic HCT for HL as well. Autologous HCT for autoimmune disease has seen a major increase, largely due to a number of centers using this technology to treat multiple sclerosis [23, 24] .
The section on cellular therapies shows the gradual increasing use of mesenchymal stromal cells, most commonly to treat graft versus host disease. There is a growth in the use of cell therapy use to treat infectious complications such as CMV or EBV, using selected and/or expanded T-cell products. Of note, only a few genetically modified T-cell therapies have been reported. Whereas the authors are confident that transplant numbers are reported correctly by an overwhelming majority of EBMT member or associated centers, they are less sure about the reporting on cellular therapies. The currently available data state, that although many groups work on genetically modified Tcells for immunotherapy only a limited number of patients have been treated so far. As cellular therapies, in particular CAR-T cells [25] have become commercially available, and given that cell collections are restricted to centers experienced and accredited in apheresis [26] , it is most important that EBMT centers continue the well-established practice of transparently sharing data on activity of cellular products used and on outcome of patients. The EBMT registry database collecting data on transplant outcome since 1973, currently including cellular therapy data, and accreditation by JACIE are the tools within the EBMT to assure highest levels of scientific exchange and assurance of qualities.
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